Introduction
The Kerlan-Jobe Orthopaedic Clinic (KJOC) Overhead Athlete Shoulder and Elbow score was initially developed in 2010 as a useful shoulder and elbow questionnaire to supplement existing validated questionnaires but designed specifically for overhead athletes. It has been validated with the Disabilities of the Arm, Shoulder and Hand (DASH) score as well as the DASH sports/performing arts module 1, 2 and has been
shown to be more sensitive in overhead athletes than the American Shoulder and Elbow Society (ASES) scale 4 . In addition, the KJOC score has been shown to effectively distinguish between professional baseball players playing without pain, playing with pain, and not playing due to pain.
1,2
The KJOC questionnaire has also been used to evaluate Little League baseball players with recent medial-sided elbow pain with overhead throwing. 5 An average score of 60.3 out of 100 was measured for these players. In another study, professional or collegiate overhead athletes at least one year following superior labral anterior posterior (SLAP) lesion repair filled out a KJOC questionnaire with a mean score of 76.9 (range 63.5-92.5). 3 Finally, a study comprising an assortment of overhead athletes after SLAP lesion repair measured an average KJOC score of 73.6
(range 39-100) at an average follow-up time of 3.5 years. 4 However, no study has measured the KJOC scores of healthy overhead athletes.
The purpose of this study was to determine a mean and reasonable range of KJOC scores within which a healthy professional baseball pitcher will fall. We hypothesized that healthy overhead athletes should score greater than 90 points and this score could serve as a baseline for future evaluations of professional pitchers to determine how significant a particular injury may be.
Materials and Methods
Approval for this study was obtained from the Institutional Review Board (IRB). KJOC questionnaires were given to healthy pitchers in one professional baseball minor league system at the start of the 2011 season. A healthy pitcher was defined as any pitcher starting the regular season at their assigned minor league level who did not have any acute injury affecting complete unrestricted participation in baseball. All athletes underwent a preseason physical examination.
All pitchers were asked to complete the questionnaire following completion of spring training but before the start of the season. All KJOC scores were then tabulated. An overall average score for the entire study group as well as scores for each minor league level and professional baseball experience were determined.
Because we were unable to find any previously published studies on KJOC scores exclusively in healthy professional baseball pitchers, we did not feel it would be appropriate to perform a power analysis prior to study initiation. Analysis of variance (ANOVA) and student's t-tests were performed to determine significant differences in KJOC scores between groups based on minor league level and professional playing experience. Confidence intervals were calculated by average score +/-t*(σ/ ). A p-value less than 0.05 was considered statistically significant.
Results
KJOC scores were given to and completed by all 44 pitchers (100%) assigned to the minor league teams. The average score for all pitchers was 94.82 (95% CI 92.94-96.70, range 75-100). The average score for each question was greater than 9 out of 10 ( Table 2) . Using a one-way analysis of variance (ANOVA) test, no significant difference was found across groups (p = 0.34). However, a student's t-test showed that the average score for the AAA affiliate was significantly higher than that for the AA affiliate (p = 0.015). No other significant differences in scores were found between class levels using a student's t-test.
Pitchers were also divided by the number of years of professional playing experience (Table 3) . Overall, the average number of years of experience was 4.0 (range, 1-13 years).Players with the most experience (>5 years) had the highest scores, while players with 2-3 years of experience had the lowest scores. Using a one-way ANOVA test, no significant difference in scores was found across the groups (p = 0.28).
Furthermore, no significant difference was found between any two groups using a student's t-test.
Discussion
The Kerlan-Jobe Orthopaedic Clinic Overhead Athlete Shoulder and Elbow score is an effective tool for assessing the performance and function of overhead athletes, particularly baseball pitchers. We have shown in this study that healthy professional baseball pitchers have very high KJOC scores (total average = 94.8). Their scores were much higher than those of (1) While one cannot judge the truthfulness of the players completing the survey, 7 of them did have scores below 90 indicating their true response to their ability to pitch. We specifically asked the pitchers to complete the survey after they were assigned to their specific minor league level and had made the roster, in an effort to obtain the most accurate information. In addition, the specific responses were not communicated with the organization in order to maintain player privacy.
As noted above, 7 out of 44 (16%) pitchers in our study had a score below 90. Therefore, we believe that an appropriate baseline score for a healthy professional baseball pitcher should be in the 90s, confirming our hypothesis. A KJOC score below 90 should alert team physicians that a pitcher may be playing with an injury or pain or at least sense that he is not functioning at full capacity. However, two of the pitchers in our study had scores of 75 and 77, respectively. Of the seven pitchers with scores below 90, only two (2/7, 29%) were treated for any shoulder symptoms during the season. Both of these players were diagnosed with mild tendonitis of the rotator cuff or biceps tendon approximately three months into the season. Both responded to nonoperative treatment without missing significant playing time. Therefore, although average scores should be in the 90s for healthy professional baseball pitchers, this will not be the case for each individual. Team physicians should consider having baseline KJOC scores for each pitcher, particularly professional and collegiate players. This would potentially allow for the identification of an occult injury and give a comparison value should a pitcher become injured.
From our analysis, it seems that KJOC scores for professional baseball pitchers are not based on the number of years of professional playing experience. All groups based on experience had an average score greater than 90, with the highest scores presented by the most experienced group (>5 years experience).
Strengths of this study include the high response rate (100%) and the incorporation of all four minor league levels of a professional baseball organization. This allowed us to show that there was a very consistent, narrow range of scores between each level of play. The weaknesses of this study also should be noted. Although all pitchers in this study were asymptomatic when completing the survey, it is not necessarily true that all pitchers were playing without pain. It is certainly possible and likely that some athletes may minimize or downplay any injury or pain for fear of advancement in the professional system. However, prior to assignment to any minor league level all players must have completed spring training and assessment of performance by members of the coaching staff and front office. Therefore, the purpose of this study was not to distinguish between pitchers with/without pain, but rather to determine an appropriate range of KJOC scores for "healthy"
(asymptomatic) professional pitchers. Further studies should be done to determine if these baseline scores can be effectively compared to scores at a later time to identify occult injuries. In addition, we showed a significant difference in scores between AAA and AA players and thus there is the possibility of a significant difference between minor league and major league KJOC scores. Thus, there is the possibility that our reported average score may be slightly different than the 'true' score for all healthy professional baseball pitchers. Nevertheless, we believe the score we report is a very close estimate and can serve a useful purpose for team physicians. 
